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INTRODUCTION
Analytical studies of the shear strength of transversely stif~
fened plate girders have resulted in the development of a shear
strength theory which utilizes the post-buck1i~g strength of the
girder panels by evaluating the tension field shear force which develops
1
at loads above the theoretical web buckling load. This theory predicts
that the ultimate shear force which a panel can carry is given by
v = V f (a, S' E )
U P Y
where V equals the plastic shea~ force or the product of the web area
p
and the yield point of the web material in shear, ~ denotes the panel
aspect ratio or ratio of panel width to depth, S represents the web
slenderness ratio or ratio of web depth to thickness, and E is the
y
yield strain or ratio of yield stress to the modulus of elasticity.
Covering aspect ratios between 0.5 and 3.0 and web slenderness
ratios between 130 and 380, ultimate load tests on transversely stif~
fened structural carbon steel girders have demonstrated the usefulness
2
of the theory in predicting shear strength
tiona1 alloy steel girders showed that the theory is app1icao1e to
3
girders with an extreme value of the yield strain parameter .
It is well established that the buckling strength of panels sub-
jected primarily to shear can be significantly increased through the use
of longitudinal stiffeners, and charts are available which give theoret-
ica1 buckling coefficients for various positions and sizes of longitudinal
4
stiffeners. Since tension field action can develop in the subpane1s of
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a longitudinally stiffened girder, the postbuckling strength should also
be increased due to the use of longitudinal stiffeners .. In addition to
the parameters ~, Q, and E which determine the shear strength of
. ~ y
transversely stiffened panels, the introduction of a longitudinal stif-
-2
fener involves some additional variables. In non-dimensional form, these
variables are stiffener position (~), stiffener rigidity ratio (y ) and
. . s
stiffener area ratio (5). All of these parameters are defined in Fig. 1,
s
A literature survey has shown that very few shear tests on longitudi-
5
nally stiffened girders have been conducted. Many of these tests which
have been reported in the literature were not carried to failure so that
little can be learned about the ultimate loads and failure modes. A number
of shear tests on longitudinally stiffened, riveted aluminum alloy panels
have also been reported; however, the boundary conditions in these tests
are not similar to those which exist ina panel of a welded plate girder.
Therefore, no experimental data on the shear strength of longitudinally
stiffened plate girders is available. For this reason, shear tests on
plate girders reinforced with transverse and longitudinal stiffeners are
proposed in this report.
The proposed tests should provide sufficient experimental data on the
behavior of longitudinally stiffened plate girder panels subjected· to
shear to check the results of the parallel analytical studies, so that
finally design recommendations for longitudinally stiffened plate girders
can be prepared.
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PROPOSED EXPERI:MENTAL .PROGRAM
Objectives
The general objective of the proposed experimental program is to
determine the shear strength of longitudinally stiffened plate girder
panels, or expressed in another way, to determine the contribution of a
longitudinal stiffener to the shear strength of a girder panel. The
program has been designed to meet the following specific objectives:
1. Determination of the effects of variation of panel size (~),
stiffener position (~) and stiffener geometry (y and ~) on
s s
the shear strength.
2. Observation of the failure modes of longitudinally stiffened
panels.
3. Determination of the effect of the longitudinal stiffener
on the stress distribution in the web and on the lateral
web deflection patterns.
Criteria for Design of Specimens
-3
The basic criterion used in designing the proposed specimens wa.s that
the test panels should have the same material properties and geometry as
the transversely'stiffened specimens which were previously tested in shear
(Girders G6 and G7, Ref. 2), so that the influence of the presence of a
longitudinal stiffener can be determined by direct comparison. The
following criteria were used in selecting the values or ranges of values
of the basic parameters;
1. Keep E ~ 0.0012 (Use A36 steel)y
2. Keep ~ ~ 267, the same as Girders G6 and G7 of Ref. 2
(Use b = 50" and t = 3/16")
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3.
4.
l{eep O. 75~ Q'
;Keep O. 2~ 'Tl
1.5 (the most practical range)
0.5 (the only range of interest)
-4
5. Use longitudinal stiffener sizes (yand 0) which approximately
s s
fulfill the area and stiffness requirements indicated by
available theory (further discussed later)
In addition to these criteria, it was decided to use one-sided longitudinal
and transverse stiffeners since this arrangement appears to be more
economical to fabircate while still maintaining the desirable continuity
of the longitudinal stiffener. This arrangement was also used in previous
bending strength tests.
The values of the basic parameters for the proposed tests are listed
in Table I .. Six tests on three specimens are proposed. The two tests on
Girder LSl are designed to investigate the effect of stiffener size, those
on Girder LS2 to check the effect of aspect ratio and tho$e on Girder LS3
to show the effect of stiffener location.
Test Setup, Procedu~e and Measurements
It is planned to conduct the proposed tests in the five million
pound hydraulic universal testing machine in Fr±tz Laboratory. Although
less than one-twentieth of the machine capacity.~ill be required for
these tests, the machine was selected because the dynamic test bed where
2
previous shear tests were conducted will not be available until the fall
of 1965. The test setup is shown in Fig. 2. Roller supports will be
used at each end and load will be transferred from the machine crosshead
to the test specimens through a spherical bearing block. The compression
flange of each girder will be supported laterally at the quarter points
by steel pipes and at the center line by the machine crosshead. This test
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previously for shear tests on
-5
. During each test, load will be stabilized at various load increments
to permit the measurement of strains and deflections. After the first
test on. a specimen, the failed panels will be repaired by welding on
reinforcing stiffeners, thus permitting a second test on the remaining,
unfailed panels. This procedure has been used successfully in many
2,3
earlier plate girder shear tests
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DESIGN OF SPECIMENS
The three proposed test specimens are shown in Fig. 3. The panels
between the left end and the center of each girder will be tested in
the first test, those between the center and right end will be tested
in the second test. In the following the design of the various
components of the specimens will be discus~ed.
Web
Based on the criteria previously presented, a web plate 5011 deep and
3/1611 thick was chosen for each specimen. The maximum possible shear
force which this web can carry is the plastic s~ear force (V
p
Flanges
cr bt/'fJ),y
To ensure that no premature bending failures occur and that bending
does not influence the ultimate loads, the flanges must be designed to
6
carryall of the bending moment . With the setup shown in ,Fig. 2 and the
maximum shear force known, the maximum bending moment and the distribution
of moment along the span are easily determined. The flanges shown in
Fig. 3 were designed on this basis. Sipce the required flange area
becomes smaller near the end supports, it was deemed more efficient to
use partial length cover plates than a single flange plate of larger size,
nongitudinal Stiffeners
The longitudinal stiffeners should fulfill two requirements. The
first of these is that the moment of inertia be sufficient to force a
nodal line in the buckled shape of the web. The necessary stiffener
rigidity ratios for each test were obtained from the curves of Ref. 4;,
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however, in each case the stiffener design was controlled by the second
requirement, that the area of the stiffener be sufficient to carry the
horizontal components of the tension field forces.
In deriving the area r~quirements for the longitudinal stiffeners,
it was assumed that, at ultimate load, both subpanels will reach their
-7
shear strength theory
individual ul timate shear strengths. It was also assumed that the
. 1der~ved by Basler for transversely stiffened
panels is applicable to the subpanels of the longitudinally stiffened
test girders. Using these assumptions, the "optimumll stiffener areas
for each test were computed. These lIop timumll areas were based on
symmetrical stiffen~rs; since one-sided stiffeners are loaded eccentrically,
the lI op timumll areas were multiplied by a factor of 2.4 (derived in Ref. 1
for a fully yielded stiffener cross section). The longitudinal stiffeners
shown in Fig. 3 ~ere selected to provide the area determined as described
above, except in the case of Test L8l-Tl, where only about 40% of the
opttmum area is provided to determine the effect of a stiffener of less
than lI op timumll size.
It is anticipated that the two tests on Girder L8l will be carried out
before the fo~gttudinal stiffeners fo~ Girders L82 and L83 are welded in
pl9-ce. If thes~ first two tests 'indicate that the assumptions made in the
j
stiffener design are inadequate, the proportions of the longitudinal
st~ffeners for the other two girders can be modified accordingly.
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Transverse Stiffeners
Similar to the longitudinal stiffeners, the transverse stiffeners
were propo~.tibned to provide sufftcient area to carry the vertical
component of the tension field force in.a subpanel and to provide
sufficient moment of inertia to produce a nodal line in the deflected
web. Since one-sided stiffeners were used, the area requirements for
symmetrical stiffeners were multiplied by a factor of 4. This factor
was derived in Ref. 1 for yielding along the loaded edge of the stiffener
at ultimate load and is therefore conservative.
Other Components
The bearing stiffeners were designed to carry the maximum possible
shear force at working load, in accordance with the AIS~ Specification7 .
The end plates, which act with the adjacent bearing stiffeners as anchors
for the tension field forces in the end panels, were proportioned using
the conservative method of Ref. 1. At the lateral bracing points of
Girders LBl and LB3, small brackets are provided to transfer the
bracing force to the compression flange.
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FUNDS AND STAFF
It is anticipated that the proposed tests can be carried out by
the present project staff. The cost of the specimens, the salaries of
the investigators and the wages of the necessary technical assistants
will be paid from funds available to the project for the current
1964-65 fiscal year, Testing equipment will be furnished at Fritz
Engineering Laboratory.
-9
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Fig. 1 Shear Strength Parameters
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